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ABSTRACT : PURPOSE: To obtain a composite material capable of properly selecting and using 

characteristics of different kinds of ceramic materials by using a substrate composed of a 
porous ceramic material in combination with a specific matrix. 

CONSTITUTION: This composite material 23 is composed of a substrate 1 made of a 

porous ceramic material (e.g. a porous substrate made of lanthanum calcium manganfte) 

and a dense matrix 4 (e.g. LaCro.7Mgb.3O3) filled in the pores 5 of the substrate 1 . The 

difference between the average linear thermal expansion coefficient of the substrate 1 and 

that of the dense matrix 4 is preferably £0.05xia 8 /K and 

30.5x1 O^/K. The composite material 23 is produced by supplying an 

oxidizing gas A to a side of the substrate 1 made of a porous ceramic material and a gas 

B of a metallic compound <e.g. LaBr 3 , CrBr 3 and MgBr 2 ) to form the dense matrix to 

another side of the substrate and reacting both gaseous components in the pore 5 of the 

substrate 1 to form the dense matrix 4. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Composite material characterized by consisting of a base which consists of porous ceramics, and a 
substantia-compacta matrix with which it filled up in the pore of this base. 

[Claim 2] Composite material according to claim 1 with which the difference of the average coefficients of linear 
thermal expansion of said base and the average coefficients of linear thermal expansion of said substantia-compacta 
matrix is characterized by being below 0.5xlO-6/K more than 0.05xlO-6/K. 

[Claim 3] Composite material according to claim 1 char acterized by the electrical conductivity of said composite 
material being larger than the electrical conductivity of said base simple substance. 

[Claim 4] Composite material according to claim 1 characterized by the electrical conductivity of said composite 
material being larger than the electrical conductivity of said substantia-compacta matrix simple substance. 
[Claim 5] Composite material according to claim 1 characterized by equipping at least one side of said porous ceramics 
and said substantia-compacta matrix with reducibility-proof. 

[Claim 6] Composite material according to claim 5 which said substantia-compacta matrix is equipped with 
reducibility-proof, and is characterized by forming in the front face of said composite material the substantia-compacta 
film which consists of the quality of the material of this substantia-compacta matrix. 

[Claim 7] Composite material according to claim 5 char acterized by for said porous ceramics consisting of the quality 
of the material equipped with oxidation resistance and thermal r esistance, and said substantia-compacta matrix 
consisting of the quality of the material equipped with oxidation r esistance, thermal resistance, and reducibility-proof. 
[Claim 8] Composite material according to claim 1 characterized by said composite material being the electrical 
connection member of a solid oxide fuel cell. 

[Claim 9] The manufacture approach of composite material which supplies a oxidizing gas to one base side which 
consists of porous ceramics, supplies the gas of the metallic compounds which serve as a raw material of a substantia- 
compacta matrix at the another side side of said base, and is characterized by making said substantia-compacta matrix 
generate in the pore of this base by making said oxidizing gas and gas of said metallic compounds react within the pore 
of said base. 

[Claim 10] The manufacture approach of a composite material according to claim 9 characterized by forming in the 
near front face of said another side of said base the substantia-compacta film which consists of the quality of the 
material of said substantia-compacta matrix after supplying a oxidizing gas to one base side which consists of porous 
ceramics, supplying the gas of the metallic compounds which serve as a raw material of said substantia-compacta 
matrix at the another side side of said base and making said substantia-compacta matrix generate in the pore of said 
base. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the composite material which can be especially used suitably in a solid 

oxide fuel cell etc., and its manufacture approach. 

[0002] 

[Description of the Prior Art] In order that 1000-degreeC may carry out operating at high temperatures of the solid 
oxide fuel cell (SOFC), electrode reaction is very active and does not need the precious metal catalyst of expensive 
platinum etc. at all, but polarization is small, and since output voltage is also comparatively high, an energy conversion 
efficiency is remarkably high compared with other fuel cells. Furthermore, since all structure material consists of solid- 
states, it is stable and long lasting. In the development project of SOFC, retrieval of a stable ingredient is important at 
an elevated temperature. As an ingredient of an air electrode, the lanthanum strontium comics night, the lanthanum 
calcium comics night, etc. are known. 

[0003] Moreover, the electrical installation member for connecting cells mutually is required, and in the case of the so- 
called cylindrical cell, this is called interconnector (electric interconnect member), and, in the case of the cell of a 
monotonous mold, is called the separator (member which separates fuel gas and a oxidizing gas). This electrical 
connection member is the operating temperature (it usually amounts to about 1000 degrees C) of a solid oxide fuel cell, 
and since it is exposed to the both sides of a oxidizing gas and fuel gas (reducibility gas), it must be the substantia 
compacta so that thermal resistance, the oxidation resistance in an elevated temperature, and reducibility-proof may be 
demanded and a oxidizing gas and reducibility gas may not be mixed. As the quality of the material of an electrical 
connection member, although the nickel-chromium alloy is known, average coefficients of linear thermal expansion are 
considerably different between the quality of the material of a solid-electrolyte membrane, especially yttria stabilized 
zirconia. Moreover, lanthanum chromite (LaCr03) is known as ceramics until now. However, the point that electrical 
conductivity is low is a difficulty at the side by which especially lanthanum chromite is exposed to reducibility gas. 
[0004] Then, the layer which consists of lanthanum chromite is arranged to a reducibility gas side, the layer which 
consists of a nickel-chromium alloy is arranged to a oxidizing gas side, and joining both is also proposed. However, the 
above trouble itself which exists in lanthanum chromite too is not solved. That is, the electrical conductivity was not 
able to be raised, holding the reducibility-proof of lanthanum chromite. 

[0005] As a composite material of the ceramics, it is the purpose which raises the reinforcement of the ceramics and the 
method of raising the reinforcement of a substantia-compacta matrix is learned by making reinforcing materials, such 
as for example, a ceramic fiber and a whisker, contain in a substantia-compacta matrix, for example. However, in the 
above cases, such an approach is inapplicable. Moreover, although the various properties are usually also adjusted by 
mixing the ceramics of a different kind in the phase of a powder raw material, or making various kinds of little metallic 
elements contain in the raw material powder of the cer amics and adding the powder of various kinds of metallic 
element oxides also in the case of lanthanum chromite is performed, sufficient property is not necessarily acquired. 
[0006] 

[Problem(s) to be Solved by the Invention] The technical problem of this invention is offering a new composite 
material which chooses suitably each property of a ceramic ingr edient of a different kind, and can pull it out, and is 
offering the new manufacture approach for making a ceramic ingredient of a different kind compound-ize. 
[0007] 

[Means for Solving the Problem] This invention relates to the composite material characterized by consisting of a base 
which consists of porous ceramics, and a substantia-compacta matrix with which it filled up in the pore of this base. 
[0008] Moreover, this invention relates to the manufacture approach of composite material which supplies a oxidizing 
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gas to one base side which consists of por ous ceramics, supplies the gas of the metallic compounds which serve as a 
raw material of a substantia-compacta matrix at the another side side of a base, and is characterized by making a 
substantia-compacta matrix generate in the pore of this base by making a oxidizing gas and the gas of metallic 
compounds react within the pore of a base. 
[0009] 

[Function] Although research that he raised that electrical conductivity, this invention person mainly maintaining the 
reducibility-proof of the above-mentioned lanthanum chromite was done, research on compound-izing of a ceramic 
ingredient was done in this process. Consequently, manufactur ed the porosity sintered compact of the ceramics first, 
subsequently to the interior of the open pore of this porosity sintered compact the substantia-compacta matrix was 
made to generate by electrochemical vapor growth (Electrochemical Vapor Deposition Method), and it succeeded in 
being filled up with this substantia-compacta matrix in pore. 

[0010] In this way, as a result of investigating the various properties of the obtained composite material, the quality of 
the material of a porosity sintered compact and the quality of the material of a substantia-compacta matrix were 
equipped with each property which it has, respectively, and it became clear that a mechanical strength was a good new 
composite material. 

[001 1] For example, although this invention person made the interior of the pore of the base which consists of a 
porosity sintered compact of a lanthanum calcium comics night or a lanthanum strontium comics night generate the 
substantia-compacta matrix of lanthanum chromite, it became clear that the reinforcement of a base improved 
remarkably and the electrical conductivity of the composite material also improved by this more remarkably than a 
porosity sintered compact simple substance and the lanthanum chromite simple substance of the substantia compacta. 
Furthermore, it also became clear that composite material was equipped with endurance to reducibility gas in the 
elevated-temperature field. 
[0012] 

[Example] Although the composite material of this invention is equipped with room temperature reinforcement higher 
than a base simple substance, when the differences of the aver age coefficients of linear thermal expansion of a base and 
the average coefficients of linear thermal expansion of a substantia-compacta matrix are below 0.5x1 0-6/K more than 
0.05xl0-6/K, it has become clear especially that room temperature reinforcement of composite material can be most 
made high. This reason is considered as follows. 

[0013] By electrochemical vapor growth etc., in case the interior of the pore of a base is made to generate a substantia- 
compacta matrix, it becomes a remarkable elevated temperature and stress is not added between a substantia-compacta 
matrix and a base in this phase. However, in the phase of dropping the temperature of composite material after this, 
str ess occurs among both according to the difference of the average coefficients of linear thermal expansion of a 
substantia-compacta matrix and a base. When the difference of both average coefficients of linear thermal expansion 
was large, the residual stress between both became large and the fall was looked at by room temperature reinforcement 
by this. For this reason, it is desirable to make the differ ence of both aver age coefficients of linear thermal expansion 
into below 0.5xl0-6/K. 

[0014] However, when both average coefficients of linear thermal expansion were made to match with an unexpected 
thing nearly completely, it became clear that the room temperature reinforcement of composite material fell on the 
contrary. Although compressive str ess will join the direction of a base or a matrix if it is the process of the 
aforementioned temperature reduction and a certain amount of average coefficients-of-linear-thermal-expansion 
difference exists between a base and a matrix, although this r eason is not clear, to control propagation of a crack by the 
initial stage of crack initiation is considered by this compressive stress. 

[0015] For this reason, it is desirable to cany out the average coefficients-of-linear-thermal-expansion difference 
between a base and a matrix to more than 0.05x1 0-6/K. Furthermore, especially the thing for which both difference is 
set to 0.2 - .04xlO-6/K is desirable. 

[0016] Moreover, according to this invention, the electrical conductivity of composite material can be made larger than 
the electrical conductivity of a base simple substance. 

[0017] Moreover, the electrical conductivity of composite material can be made larger than the electrical conductivity 
of a substantia-compacta matrix simple substance. A nuclear fusion reactor besides the electrical connection member of 
a solid oxide fuel cell mentioned later, the electrode of MHD power generation, etc. are especially important for such a 
property, when applying the composite material of this invention to the electric conduction components which need 
corrosion resistance. 

[0018] Furthermore, fairly advanced endurance can be given also to composite material by choosing at least one side of 
porous ceramics and a substantia-compacta matrix from the quality of the material equipped with specific endurance. 
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Thus, if one side of a base and a substantia-compacta matrix is equipped with specific endurance according to this 
invention, also in composite material, the effectiveness is held considerably. 

[0019] Especially as such endurance, oxidation resistance, reducibility-proof, the corrosion resistance over an acid, and 
the corrosion resistance over halogen system corrosive gas can be illustrated. 

[0020] In this invention, further, while using the quality of the material of reducibility-proof as a substantia-compacta 
matrix, the substantia-compacta film which consists of the quality of the material of this substantia-compacta matrix 
can also be formed on the surface of composite material. Since the porous ceramics which constitute a base are not 
exposed to reducibility gas by this, the reducibility-proof of composite material can be raised further. 
[0021] Here, porous ceramics can be formed according to the quality of the material equipped with oxidation resistance 
and thermal resistance. As such the quality of the mater ial, it is NaCl mold oxide besides a lanthanum man guy night 
system multiple oxide which is mentioned later, corundum mold oxide, rutile mold oxide, and Re03. Mold oxide, 
tungsten bronze mold oxide, and K2 NiF4 Mold oxide, pyrochlore mold oxide, spinel mold oxide, and MxV 205 Mold 
oxide can be illustrated. Moreover, a substantia-compacta matrix can be formed in this case according to the quality of 
the material equipped with oxidation resistance, thermal resistance, and reducibility-proof. As such the quality of the 
material, a zirconia (what was stabilized by calcium, Y, Sc, etc. is included) besides lanthanum chromite can be 
illustrated. According to this composite material, in addition to thermal resistance, the composite material which was 
equipped with the both sides of oxidation resistance and reducibility-proof, and was moreover equipped also with the 
electrical conductivity of a base can be offer ed. 

[0022] Moreover, especially the composite material of this invention is suitable as an electrical connection member of a 
solid oxide fuel cell. However, in this application, electrical conductivity and thermal resistance are required for the 
both sides of a base and a substantia-compacta matrix, reducibility-proof is required for one side of a substantia- 
compacta matrix and a base at least, and oxidation resistance is required for another side at least. 
[0023] Moreover, as a suitable approach for manufacturing the composite material of this invention, porous ceramics 
are manufactured first. And a substantia-compacta matrix is made to generate in the pore of a base by supplying a 
oxidizing gas to one base side which consists of porous ceramics, supplying the gas of the metallic compounds used as 
the raw material of a substantia-compacta matrix, and making a oxidizing gas and the gas of metallic compounds react 
to the another side side of a base within the por e of a base. This matrix generation reaction advances by the 
electrochemical vapor growth reaction fundamentally. 

[0024] Under the present circumstances, after supplying a oxidizing gas to one base side, supplying the gas of a 
halogenation metal to the another side side of a base and making a substantia-compacta matrix generate in the pore of a 
base, the substantia-compacta film which consists of the quality of the material of a substantia-compacta matrix can be 
formed in the near front face of another side of a base. Generation of the matrix in the fr ont face of this base also 
advances by the electrochemical vapor growth reaction fundamentally. 

[0025] The presentation of the desir able multiple oxide which constitutes a base is explained. B site of this multiple 
oxide is occupied with manganese at least. A site of a multiple oxide is occupied by the metallic element more than a 
kind chosen from the group which consists of rare earth elements except a cerium, and an yttrium (preferably 
lanthanum), and one or more sorts of metallic elements chosen fr om the group which consists of calcium and 
strontium. In this presentation, the metal atom more than a kind further chosen from the group which consists of 
aluminum, cobalt, copper, magnesium, chr omium, nickel, iron, titanium, and zinc can permute some manganese atoms 
of B site of a multiple oxide. 

[0026] As for the porosity of a base, considering as 20 - 70% is desirable. If it is difficult to form a substantia-compacta 
matrix as this is less than 20% and this exceeds 70%, the contribution to the composite material of the base itself will 
become scarce, and formation of composite material will become difficult too. It is still more desirable to consider as 
25 - 60% from such a viewpoint. 

[0027] moreover, the composite material of this invention ~ except for said manufacture approach carried out - the 
aforementioned base — CVI — manufacturing is also considered by applying law (chemistry gaseous-phase penetration 
method). 

[0028] The presentation of the desir able multiple oxide which constitutes a substantia-compacta matrix is explained. B 
site of this multiple oxide is occupied with chromium at least. A site of a multiple oxide is occupied by the metallic 
element more than a kind chosen fr om the gr oup which consists of rare earth elements except a cerium, and an yttrium 
(preferably lanthanum), and one or more sorts of metallic elements chosen fr om the group which consists of calcium 
and strontium. In this presentation, the metal atom more than a kind further chosen from the group which consists of 
aluminum, cobalt, copper, magnesium, nickel, iron, titanium, and zinc can permute some manganese atoms of B site of 
a multiple oxide. 
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[0029] When using the composite material of this invention as an electrical connection member of a solid oxide fuel 
cell, near of the coefficient of thermal expansion of composite material must be carried out to coefficient of thermal 
expansion, such as a solid-electrolyte membrane and a fuel electrode layer. 

[0030] And when this solid-electrolyte membrane is yttiia stabilized zirconia, it is known that the average coefficients 
of linear thermal expansion between 25-degreeC-1000-degreeC are 10.5xl0-6K-l. In this case, it is desirable to set the 
average coefficients of linear thermal expansion of composite material to 9.02x1 0-6/K-l 1.8x1 0-6K-1, and it is much 
more desirable to be referred to as 1 0.2x1 0-6/K - 10.8xl0-6/K. That is, generating of the crack which originates in the 
differential thermal expansion between the electrical connection members and solid-electrolyte membranes which 
consist of composite material by this can be prevented. 

[0031] When using the composite material of this invention as an electrical connection member of a solid oxide fuel 
cell, especially the configuration of the gestalt of a cell or the stack of a cell is not limited. That is, the shape of a 
cylindrical shape and end both ends carried out [ the end ] opening carry out opening of the configuration of a cell, and 
the variant thing of versatility besides the shape of a closed-end cylindrical shape and the monotonous configuration 
where the other end was blockaded can be used for it. Moreover, the various conductors exposed to a oxidizing gas 
besides the so-called interconnector and a separator and reducibility gas as an electrical connection member are 
included. 

[0032] Hereafter, this invention is further explained to a detail, referring to a drawing suitably. Drawing 1 (a) is the 
front view showing the porosity sintered compact 1 of a monotonous configur ation. Predetermined reactant gas is 
supplied by using vapor growth equipment which is mentioned later as opposed to this porosity sintered compact 1 . For 
example, toward one near surface la of the porosity sintered compact 1, a oxidizing gas is supplied like an arrow head 
A, and the gas of the halogenation metal used as the raw material of a substantia-compacta matrix is supplied like an 
arrow head B toward near surface lb of another side of the porosity sintered compact 1. 

[0033] And a substantia-compacta matrix is made to generate in the pore of the porosity sintered compact 1 in this 
example. Consequently, as shown in drawing 1 (b), the composite material 23 with which the interior of the pore of a 
base was filled up with the substantia-compacta matrix can be manufactured. In this example, further, also on surface 
23b of another side of composite material 23, an electrochemical reaction is advanced and the substantia-compacta film 
3 is formed. Such substantia-compacta film is not formed on one sur face 23 a of composite material 23. In the interior 
of this composite material 23, as shown in drawing 1 (c) as a typical sectional view, the substantia-compacta matrix 4 is 
filled up with and united with the interior of the pore 5 of a base 25. 

[0034] Moreover, in the manufactur e approach of this invention, the manufacture approach as shown below is 
employable. That is, a substantia-compacta matrix is made to generate in the pore of the porosity sintered compact 1. In 
this case, as shown in drawing 2 (a), a matrix generates one by one toward surface 24b of another side from one surface 
24a of a laminate 24. Here, although the layer 26 which consists of composite material will generate in the direction of 
the surface 24a side in drawing 2 (a) if supply of the gas of the metallic compounds for matrices is suspended on the 
way, the layer 27 which consists of a por osity sinter ed compact r emains in the direction of the surface 24b side. 
However, an alternate long and short dash line G shows a boundary with layers 26 and 27. 

[0035] By such manufacture approach, the laminate of the layer which consists of composite material, and the layer 
which consists of a porosity sintered compact can be manufactur ed. 

[0036] Moreover, the manufacture approach shown below is employable. That is, in case a substantia-compacta matrix 
is made to generate in the pore of the porosity sintered compact 1, the pressure of the gas of metallic compounds is 
made larger than the pressure of a oxidizing gas, and the gas of metallic compounds is circulated in a porosity sintered 
compact by this differential pressure. Under the present circumstances, only to the inside of a porosity sintered 
compact, for example, a center section, if this differ ential pressur e is set up low, the gas of metallic compounds will 
hardly reach to one surface la of the porosity sintered compact 1, and it will not reach. Consequently, in the surface la 
side, the generation reaction of a matrix will not occur but a matrix generation reaction will advance one by one toward 
the surface lb side of another side from the center section of the porosity sintered compact. 
[0037] Consequently, as shown in drawin g 2 (b), in the laminate 28 of a monotonous configuration, the substantia- 
compacta film does not exist on surface 28a of one of these, but the layer 29 which consists of a porosity sintered 
compact remains toward the center section of a laminate from the direction of the surface 28a side. Moreover, the layer 
30 which consists of composite material of this invention generates toward surface 28b of another side from the center 
section of a laminate, and the substantia-compacta film 3 gener ates on surface 28b of another side further. However, an 
alternate long and short dash line H shows a boundary with layers 29 and 30. 

[0038] The example which used the composite material of this invention as an electric interconnect member 
(interconnector) of a solid oxide fuel cell is explained referring to dra wing 3 . Drawing 3 (a) is the front view showing 
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the base material 6 of the so-called closed-end cylindrical shape-like cell. This base material 6 is the thing of a self- 
support mold in this example. The long and slender interconnector 7 is formed in the front face of a base material 6 so 
that it may extend linearly toward the die-length direction. 

[0039] As shown in drawing 3 (b), on surface 6a of a base material 6, sequential formation of a solid-electrolyte 
membrane 8 and the fuel electrode layer 9 is carried out. In drawing 3 (b), with the drawing up side, there is a field in 
which the solid-electrolyte membrane 8 is not formed, and interconnector 7 is formed on surface 6a of a base material 6 
in this field. Interconnector 7 and the solid-electrolyte membr ane 8 of each other are stuck. 
[0040] In order to form interconnector 7, by the approach mentioned above, an interconnector ingredient can be 
manufactured and this can be joined on a base material 6. Moreover, since it is the porous ceramics which consist of an 
air electrode material, after it manufactur es a base material 6, except for the formation field of interconnector, the mask 
of the base material 6 is carried out among this base material 6, and according to an approach which was mentioned 
above, it supplies a oxidizing gas inside a base material 6, and supplies the gas of metallic compounds to the outside of 
a base material 6. Under the present circumstances, by making the pressure of a oxidizing gas slightly higher than the 
pressur e of the gas of metallic compounds, the composite material of this invention can be made to be able to generate 
only near the outside front face of a base material 6, and this composite material can be used as interconnector. 
[0041] As a solid-electrolyte membrane, although the yttria-stabilized-zirconia film is desirable, other quality of the 
materials can be used. A fuel electrode layer can be formed by the nickel-zirconia cermet, a cobalt-zirconia cermet, etc. 
Moreover, although a base material 6 functions also as an air electrode, and it can form an air electrode by lanthanum 
calcium chromite, a lanthanum strontium chromite, etc., the perovskite system multiple oxide still more generally 
illustrated as the quality of the material of the base mentioned above can be used for it. 

[0042] Moreover, in the example shown in drawing 3 (c), sequential formation of a solid-electrolyte membrane 8 and 
the fuel electrode layer 9 is carried out on sur face 31a of a base material 31. However, among base materials 31, 
although most is the air polar zone 10 which consists of an air electrode material which was mentioned above, in 
drawing 3 (c), the interconnector 1 1 which consists of composite material of this invention is formed, and the air polar 
zone 10 and interconnector 1 1 are continuing with the drawing up side. That is, the base material 31 consists of air 
polar zone 10 and an in TAKU nectar 1 1 . The solid-electrolyte membrane 8 and the fuel electrode layer 9 are formed 
on the air polar zone 10, and the amount of [ of a solid-electrolyte membrane 8 ] end has stuck to the edge of 
interconnector 1 1 . 

[0043] Here, although the cell as shown in drawing 3 (b) is well-known, in the cell of such a gestalt, the field in which 
interconnector 7 is formed among on the base material 6 which consists of an air electrode material did not contribute 
to the generation of electrical energy, but has contributed [ as opposed to / only / electrical installation ]. However, if 
interconnector 7 is directly formed on an air electrode material, loss of an electrical potential difference will occur with 
the electric resistance in the interior of an air electrode material and interconnector, and electric resistance [ in / 
further / both interface ]. 

[0044] On the other hand, as shown in draw ing 3 (c), when the base material of a cell is constituted by unifying the air 
polar zone and interconnector, the electric r esistance in the above mentioned interface is very low, and the internal 
resistance in interconnector 1 1 is smaller than total of the internal resistance in both air electrode 6 and interconnector 
7. Therefore, in this invention, the internal r esistance of a cell can be further decreased by forming the air polar zone 
and interconnector in one continuously. Of course, the configuration of such a base material can also be made into a 
monotonous configuration. 

[0045] Hereafter, the still mor e concrete example of an experiment is explained. 

[Experiment 1] Comparative experiments were conducted first. First, the base of a configuration as shown in drawing 3 
(a) was manufactured. As a start raw material, they are La 203 and CaC03. And Mn 304 Each powder was used. The 
presentation ratio of each powder is Lal-x Cax Mn03. It is made to become, and the addition x of calcium was 
changed as shown in Table 1 . About each base shown in Table 1, weighing capacity of the start raw material of the 
specified quantity was carried out, and it mixed. It is this mixed powder by the cold isostatic press method 1 tf/cm2 It 
fabricated by the pressure and the Plastic solid of a monotonous configuration was produced. This Plastic solid was 
heat-treated at 1500 degrees C among atmospheric air for 15 hours, and the multiple oxide of each presentation was 
compounded. 

[0046] The trommel ground this synthetic body for 8 to 12 hours, and synthetic powder with a mean particle diameter 
of 2-6 micrometers was produced. Next, to this synthetic powder, the acrylic binder as an organic binder was added, it 
mixed with water, the slurry of 40% of moisture was prepared, and it corned with the spray dryer. Then, the acrylic 
powder as this end of agglomerated powder and a pore forming material is blended dryly, and it is 1 tf/cm2 by the cold 
isostatic press method. It fabricated by the pressure, the Plastic solid of the shape of a closed-end cylindrical shape with 
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an outer diameter [ of 20mm ] and a bore of 10mm was manufactured, and this tubular Plastic solid was calcinated at 
1400 degrees C - 1600 degrees C for 5 hours. 

[0047] However, about each base, the above-mentioned burning temperature was adjusted so that porosity might 
become about 30%. Moreover, the porosity of each base was measured with the water substitution method, 
respectively. Moreover, the mortar ground each base shown in Table 1, respectively, and X diffraction measurement 
was performed with the powder method. Consequently, each diffraction pattern of each base is almost the same, and 
showed the single phase. 

[0048] About each base, four point flexural strength was measured according to JISR-1601. This measurement result is 

shown in Table 1 . 
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[0050] It seems that there is no remarkable correlation between the room temperature reinforcement of the addition of 
calcium, a porosity sintered compact, or a base as shown in Table 1. 
[0051] [Experiment 2] 

(Manufacture of a sample) The substantia-compacta matrix was made to generate inside the pore of each above 
mentioned base according to the manufacture approach of this invention, and each sample which consists of composite 
material concerning the example of this invention was obtained. However, the quality of the material of a substantia- 
compacta matrix is LaCr0.7 Mg 0.3O3. It carried out. Moreover, the quality of the material of each base is shown in 
Table 1. 

[0052] In this production process, electrochemical vapor growth equipment as typically shown in drawing 4 was used. 
In the vacuum chamber 15, the cylindrical shape-like heating element 13 and susceptor 16 are installed. 14d of end 
faces of each base 14 manufactured in the experiment 1 was installed on susceptor 16, and the base 14 was installed 
inside the heating element 13. Closed-end section 14c of abase 14 was turned upward. Piping 18 and 19 was connected 
to the vacuum pump which is not illustrated, respectively, by operating this vacuum pump, attracted the air in the 
vacuum chamber 15 like arrow heads E and F, and decompressed the pressure in this to 0.05mmHg(s). Under the 
present circumstances, it was made for the inside of a base 14 and the pressure of inside 16a of susceptor 16 to become 
high rather than the pressure of the outside of a base 14 and susceptor 16 by forming a valve 21 in the piping 20 
between piping 18 and 19, and adjusting this valve 21. 

[0053] Subsequently, argon gas was passed like an arrow head C for piping 12. The mixed gas (oxidizing gas) which 
consists of 40% [ of water ], 20% [ of oxygen ], and argon 40% was supplied like an arrow head D through piping 17, 
supervising the oxygen tension. The heating element 13 was made to generate heat and the base 14 was heated at 1400 
degrees C. In this condition, the differential pressure of the inside of a base 14 and an outside was 0.01 - 5mmHg. 
[0054] the argon gas (a part for about 200cm3 of r ates of flow/) currently passed for piping 12 — receiving — 
1.31gLaBr3 for /, and 0.83gCrBr3 for /And 0.14gMgBr2 for /It mixed and considered as reactant gas. Consequently, 
the oxidizing gas invaded in the pore of a base from one surface 14a, penetrated the open pore inside a base 14, carried 
out the chemical vapor growth reaction halogenation gas and directly first inside the base 14, and generated the above- 
mentioned substantia-compacta matrix. If the pore in a base 14 blockades by advance of a chemical vapor growth 
reaction, generation of a substantia-compacta matrix will advance by the electrochemical vapor growth reaction inside 
pore shortly. Consequently, the substantia-compacta film which the pore in a base 14 blockades and is set to surface 
14b of another side of a base 14 from a resultant generated. Supply of each gas was suspended after this and the 
temperature of the obtained composite material was reduced to the room temperature. By this, each sample concerning 
the example of this invention was obtained , 
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[0055] LaCr0.7 Mg 0.3O3 which is this resultant It is the interconnector ingredient equipped with oxidation resistance, 
thermal resistance, and reducibility-proof. 

[0056] (Trial of reducibility-proof) Into the ambient atmosphere of the hydrogen (one atmospheric pressure) humidified 
with the water of a room temperature, the front-face side (outside front face) of another side of each sample was 
exposed at 1000 degrees C. This outside front face was analyzed by XRD. Moreover, it analyzed by XRD (X-ray 
diffractometer) also about the outside front face of the sample before being exposed. Consequently, change was not 
accepted between the sample exposed to the above-mentioned ambient atmosphere, and the sample before being 
exposed. Thus, it had thermal resistance with each very high sample, and reducibility-proof. 

[0057] (Trial of electrical conductivity) It is La0.8 Sr0.2 Mn03 as the quality of the material of the base 14 among each 
above mentioned sample. It was 96 S/cm when electrical conductivity was measured about the used sample. On the 
other hand, the electrical conductivity of a base 14 is 92 S/cm, and is LaCr0.7 Mg 0.3O3. The electrical conductivity of 
a simple substance was 1 1 S/cm. 

[0058] (Measurement of room temper ature r einforcement) About each above mentioned sample, the four point flexural 
strength in a room temperature was measur ed, respectively. And the difference of the addition the calcium's to a base, 
the reinforcement each sample's, the average coefficients of linear thermal expansion a base's 14, the average 
coefficients of linear thermal expansion a substantia-compacta matrix's, and both average coefficients of linear thermal 
expansion is shown in Table 2 about each sample. Moreover , the aver age coefficients of linear thermal expansion of a 
base 14 and the relation of the four point flexural strength of each sample are shown in the graph of drawing 5 . 
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[0060] Each room temperature reinforcement of each sample manufactured by this invention is farther [ than the room 
temperature reinforcement of the corresponding base 14 ] large so that it may turn out that Table 1 is compar ed with 
Table 2. 

[0061] Furthermore, while the room temperature reinforcement of a sample fell when both average coefficient of 
thermal expansion was too large so that clear ly especially from drawing 5 , when the average coefficient of thermal 
expansion of a base, the average coefficient of thermal expansion of a substantia-compacta matrix, and the room 
temperature reinforcement of composite material were measured, also when both were made in agreement, the room 
temperature reinforcement of a sample was falling too. When both difference was carried out to more than 0.05x1 0-6/K 
below 0.5x1 0-6/K, specifically, the room temperature reinforcement of a sample improved notably especially. It is still 
more desirable to see from this viewpoint and to carry out both difference to more than 0.2x1 0-6/K below 0.4x1 0-6/K 
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further. 

[0062] (Generation-of-electrical-energy experiment) According to the same approach as the above-mentioned 
experiment 2, the base material 6 as shown in drawing 3 (a) was manufactured. However, as an air electrode material, 
La0.8 calcium0.2 Mn03 of 30% of porosity was used. La0.8 calcium0.2 Mn03 of 30% of porosity It is LaCr0.7 Mg 
0.3O3 to the interior of pore. It was filled up as a substantia-compacta matrix and interconnector 7 was manufactured. 
On this base material 6, the solid-electrolyte membrane 8 which consists of 8 mol % yttria stabilized zirconia was 
formed, the fuel electrode layer 9 which consists of a nickel-zirconia cermet was formed on this, and the cell of the 
shape of a closed-end cylindrical shape shown in drawing 3 (b) was manufactured. 

[0063] When used this cell, oxygen was supplied to that inside space, and hydrogen gas was supplied to that outside 
and having been generated electricity by holding the temperature of a cell at about 1000 degrees C, it was stabilized 
normally and was able to generate electricity. 
[0064] 

[Effect of the Invention] As stated above, accor ding to this invention, each property of a ceramic ingredient of a 
different kind can be chosen suitably, and a new composite material which can be pulled out can be offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] (a) is the front view showing the porosity sintered compact 1, (b) is the front view showing the composite 
material 23 obtained by being filled up with a substantia-compacta matrix in the pore of the porosity sintered compact 
1, and (c) is the sectional view showing the fine structure inside composite material 23 typically. 
[Drawing 2 ] (a) is the front view showing the laminate 24 concerning other examples of this invention, and (b) is the 
front view showing the laminate 28 concerning the example of further others of this invention. 

[Drawing 3] (a) is the front view showing the condition of having formed interconnector 7 on the base material 6 which 
consists of an air electrode material for solid oxide fuel cells, (b) is the cross-sectional view showing an example of the 
cross-section structure of the cell of a solid oxide fuel cell, and (c) is the cr oss-sectional view showing the cross-section 
structure of other cells. 

[Drawing 4] It is the mimetic diagram showing the electrochemical manufacturing installation for manufacturing the 
composite material of this invention. 

[Drawing 5] It is the graph which shows the relation between the average coefficient of thermal expansion of the base 
of composite material, and the four point flexural strength of composite material. 
[Description of Notations] 

1 14 Base la One near front face of a base lb Near front face of another side of a base 3 Substantia-compacta film 4 
Substantia-compacta matrix 5 Pore 

6 Interconnector 15 Vacuum Chamber 23 Composite Material Which Constitutes Base Material Base Material 31 
Which Consists of a Closed-end Cylindrical Shape-like Air Electrode Material 7 Interconnector on Base Material 6 8 
Solid-electrolyte Membrane 9 Fuel Electrode Layer 10 Air Polar Zone of Base Material 3111 Layer Which Consists of 
26 and 30 Composite Material Layer A Which Consists of 27 and a 29 Porosity Sintered Compact, Supply Direction B 
of D Oxidizing Gas, the Supply Dir ection of Gas of C Metallic Compounds 
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